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Issues Specific to Alameda County BART Stations 

Station Source Project description and location Strategy type 

12th St City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on Franklin between 
8th and 14th 

Class II bike lane 

12th St City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on Webster between 
8th and 15th 

Class II bike lane 

12th St City of Oakland Bicycle 
Plan (2007) 

Construct mixed class bikeway on 14th St, Brush 
St to Oak St 

Class II bike lane / 
Oakland Class III A 

12th St City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on Clay St, San Pablo 
Ave to 9th St 

Class II bike lane 

19th St City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on Webster between 
8th and 14th 

Class II bike lane 

19th St City of Oakland Bicycle 
Plan (2007) 

Construct mixed class bikeway on 20th St, 
Telegraph Ave to Harrison St 

mixed 

19th St City of Oakland Bicycle 
Plan (2007) 

Construct mixed class bikeway on Telegraph Ave 
from Broadway to 20th St 

mixed 

19th St City of Oakland Bicycle 
Plan (2007) 

Construct bike lanes on Harrison St/Lakeside Dr, 
Grand Ave to Madison St 

Class II bike lane 

Ashby Berkeley Bicycle Plan 
(2005) 

Connect station to Milvia Street Bicycle boulevard 
via intersection improvements at Adeline/Ashby. 

Intersection 
improvement 

Ashby Berkeley Bicycle Plan 
(2005) 

Improvements to Woolsey Class III Bicycle Route 
on both east and west sides of station, potentially 
including traffic calming, signs and markings. 

Class III bike route 

Ashby Berkeley Bicycle Plan 
(2005) 

Connection to King Bicycle boulevard via 
improved bike crossing at Woolsey/MLK (signs, 
markings, flashing warning lights or a “HAWK” 
signal). 

Intersection 
Improvement 

Ashby Berkeley Bicycle Plan 
(2005) 

Connection to Woolsey Class III Bicycle Route via 
an improved bike crossing of Adeline (signs, 
markings, flashing warning lights or a “HAWK” 
signal). 

Intersection 
Improvement 

Ashby City of Oakland Bicycle 
Plan (2007) 

Shattuck Ave bike lanes, Berkeley border to 45th 
St 

Class II bike lane 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Construct Class II bike lanes on access roads within 
Bayfair Center complex 

Class II bike lane 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Redesign intersection of Coelho Drive and Mooney 
Avenue to simplify negotiation for all modes 

Intersection 
improvement 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Construct Class II bike lanes along Estudillo Canal 
between BART station and Bayfair Center 

Class II bike lane 
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Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Widen underpass or construct separate bicycle 
tunnel along Thornally Drive under the BART 
tracks to accommodate bicycles 

Network gap 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Construct Class II bike lanes on Fairmont Avenue 
east of Hesperian Boulevard 

Class II bike lane 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Construct Class I path on BART right of way (this 
is not the East Bay Greenway, which veers away 
from the BART property at that station) 

Class I path 

Bay Fair 
Bay Fair BART TOD & 
Access Plan (2007) 

Construct Class II bike lanes on Thornally Drive 
and Coehlo Drive, west of Hesperian Boulevard 

Class II bike lane 

Coliseum/Oakland 
Airport 

City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on Hegenberger & 
bike boulevard on 75th Ave (for southbound 
access vs Hegenberger), Snell, and Hamilton  

Class II bike lane 

Coliseum/Oakland 
Airport 

City of Oakland Bicycle 
Plan (2007) 

Construct mixed class bikeway between San 
Leandro St and Mills College on 69th Ave (San 
Leandro St to International Blvd); Havenscourt  
Blvd (International Blvd to Bancroft Ave); 
Camden St (Bancroft Ave to MacArthur Blvd) 

mixed 

Coliseum/Oakland 
Airport 

City of Oakland Bicycle 
Plan (2007) 

Construct Class II bike lanes on San Leandro St 
(69th to 75th Aves) 

Class II bike lane 

Coliseum/Oakland 
Airport 

City of Oakland Bicycle 
Plan (2007) 

Class I path along rail ROW (e.g. East Bay 
Greenway 

Class I 

Coliseum/Oakland 
Airport 

City of Oakland Bicycle 
Plan (2007) 

Construct Class I multi-use trail along Slough to 
Bay Trail (BART to Bay Trail connector) 

Class I 

Downtown 
Berkeley 

Berkeley SOSIP (2010) 

Establish continuous Class II bike lanes or 
additional traffic calming/diversion (including 
reconfiguring University/Milvia intersection) 
along Milvia Bicycle boulevard between 
University Avenue and Allston Way 

Class II bike lane or 
Bicycle boulevard 

Downtown 
Berkeley 

Berkeley SOSIP (2010) 
Extend Class II bike lanes on Hearst Avenue from 
west of Shattuck Avenue to the UC campus 

Class II bike lane 

Downtown 
Berkeley 

Berkeley SOSIP (2010) 
Establish a northbound contraflow bicycle lane 
on Fulton Street between Dwight Way and 
Durant Avenue 

Class II bike lane 

Downtown 
Berkeley 

Berkeley Bicycle Plan 
(2005) 

Improve Center Street "Class 2.5" Bikeway from 
Shattuck to Oxford, including traffic calming, 
signs and markings. 

Class III sharrow 

Downtown 
Berkeley 

Berkeley SOSIP (2010) 

Reconfigure Shattuck Avenue to become a 
“complete street” by adding bicycle lanes south 
of Center Street (separate or protected lanes 
where feasible) 

Class I pathway 
(directional) and/or 
Class II bike lane 

Downtown 
Berkeley 

Berkeley Bicycle Plan 
(2012, proposed) 

Establish new Bicycle boulevard on Addison 
Street west of Milvia to provide connection to 
Downtown Berkeley BART from the west. 

Class III Bicycle 
boulevard 
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Dublin/ 
Pleasanton 

Dublin Bikeways 
Master Plan (2007) 

Construct Trail along edge of future TOD 
projects, trail just west of 4480 Hacienda Drive 
and south of 4460 Hacienda Drive 

Class I path 

Dublin/ 
Pleasanton 

Dublin Bikeways 
Master Plan (2007) 

Continue bike lanes to intersections and install 
bike detection at intersections within .5 miles of 
station  

Intersection 
improvement 

Dublin/ 
Pleasanton 

Dublin Bikeways 
Master Plan (2007) 

Iron Horse Trail Improvements within BART 
station area 

Class I path 

Fremont 
City of Fremont Bicycle 
Plan (2012) 

Complete Class II bike lanes on Civic Center Drive 
near station 

Class II bike lane 

Fremont 
City of Fremont Bicycle 
Plan (2012) 

Construct Class I multi-use trail along UPRR ROW Class I path 

Fruitvale 
City of Oakland Bicycle 
Plan (2007) 

Construct East Bay Greenway (Class I multi-use 
trail) 

Class I path 

Fruitvale 
City of Oakland Bicycle 
Plan (2007) 

Construct bike lanes on Fruitvale Ave, north of E 
12th St 

Class II bike lane 

Fruitvale 
City of Oakland Bicycle 
Plan (2007) 

Construct bike lanes on southbound Fruitvale 
Ave, E 12th St to E 10th St 

Class II bike lane 

Fruitvale 
City of Oakland Bicycle 
Plan (2007) 

Construct mixed class bikeway on E 12th St 
Class II bike lane / Class 
III bike route 

Hayward 
City of Hayward Bicycle 
Plan (2007) 

Construct East Bay Greenway (Class I multi-use 
trail)  

Class I path 

Hayward 
City of Hayward Bicycle 
Plan (2007) 

Construct Class II bike lanes on B and C streets 
(west of BART station)  

Class II bike lane 

Hayward 
City of Hayward Bicycle 
Plan (2007) 

Construct Class III routes on Montgomery to the 
north of station and C street to the east of station 

Class III bike route 

Lake Merritt 
Lake Merritt Station 
Area Plan Draft (2011) 

Construct Class II bike lanes on Madison/Oak 
Streets (couplet) 

Class II bike lane 

Lake Merritt 
Lake Merritt Station 
Area Plan Draft (2011) 

Construct Class II bike lanes on 8th and 9th 
Streets (couplet, Harrison St to Oak St) 

Class II bike lane 

Lake Merritt 
Lake Merritt Station 
Area Plan Draft (2011) 

Construct Class II bike lanes on Franklin/Webster 
Streets (8th/9th Sts, couplet) 

Class II bike lane 

Lake Merritt 
Lake Merritt Station 
Area Plan Draft (2011) 

Construct Class II bike lane on 10th Street east of 
Madison Street 

Class II bike lane 

Lake Merritt 
Lake Merritt Station 
Area Plan Draft (2011) 

Construct Class III route on 14th Street Class III bike route 

MacArthur 
MacArthur BART AFS 
(2008) 

Construct Class II bike lanes on West MacArthur 
Boulevard between Market Street and Telegraph 
Ave 

Class II bike lane 

MacArthur 
MacArthur BART AFS 
(2008) 

Construct Class II bike lanes on West MacArthur 
Boulevard between Telegraph Ave and Broadway 

Class II bike lane 
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MacArthur 
MacArthur BART AFS 
(2008) 

Construct Class II bike lanes along Telegraph 
Avenue between 20th Street and Highway 24 

Class II bike lane 

MacArthur 
MacArthur BART AFS 
(2008) 

Construct Class II bike lanes along 40th Street 
from Adeline St to MLK and Telegraph Ave to 
Webster St 

Class II bike lane 

MacArthur 
MacArthur BART AFS 
(2008) 

Bicycle boulevard on 41st Street from Webster St 
to Broadway, and on Webster St from 41st to 
40th Street 

Oakland Class IIIA / 
Class II bike lane 

MacArthur 
MacArthur BART AFS 
(2008) 

Signalize West MacArthur Boulevard/Frontage 
Road/37th Street intersection (bicycle detection 
included) to connect BART station and West 
MacArthur Boulevard. Remove a portion of the 
West MacArthur Boulevard median to allow all 
movements to and from both Frontage Road and 
37th Street. 

Intersection 
improvement 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Install bicycle crossing signal or flashing beacons 
(HAWK or RRFB) along with improved signs and 
markings at Virginia Bicycle boulevard crossing of 
Sacramento. 

Intersection 
improvement 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Improve the Ohlone Greenway crossing of 
Sacramento at Delaware (potentially including 
signs and markings, and signal timing). 

Intersection 
improvement 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Improve the on-street bikeway on Delaware 
around the station using signs and markings. 

Class II bike lane 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Improve the Class III Bike Route on Acton on the 
approach from the north and south and 
alongside the station, using signage, markings 
and traffic calming improvements. 

Class III bike route 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Traffic calming improvements on the Virginia 
Bicycle boulevard east and west of the station. 

Bicycle boulevard 

North Berkeley 
Berkeley Bicycle Plan 
(2005) 

Widen and improve the Ohlone Greenway to the 
north of the station.  

Class I Pathway 

Rockridge 
City of Oakland Bike 
Plan (2007) 

Construct Class 3A Arterial Bike Route on College 
Ave between Alcatraz Ave and Broadway (was 
Shafter Ave and Keith Ave) 

Oakland Class III A 

Rockridge 
City of Oakland Bike 
Plan (2007) 

Construct Class 3B Bike Boulevards on Miles Ave 
between Forest St and College Ave, and on 
Shafter Ave between Forest St and College Ave . 

Bicycle boulevard 

Rockridge 
City of Oakland Bike 
Plan (2007) 

Construct Class 3B Bike Boulevard on Lawton 
Ave, Broadway to College Ave 

Bicycle boulevard 

Rockridge 
City of Oakland Bike 
Plan (2007) 

Construct Class 3B Bike Boulevard on Chabot Rd, 
College Ave to Golden Gate 

Bicycle boulevard 

Rockridge 
City of Oakland Bike 
Plan (2007) 

Construct Class 3B Bike Boulevard on the 
Shafter/Forest/Colby corridor 

Bicycle boulevard 
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San Leandro 
Downtown San 
Leandro TOD Strategy 
(2007) 

Construct Class III routes on Oakes Boulevard, 
Chumalia Street and Harrison Street; West 
Estudillo Avenue west of San Leandro Boulevard; 
West Joaquin Avenue between San Leandro 
Boulevard and Hays Street; Santa Rosa Street 
between Estudillo Avenue and Dolores Avenue; 
Castro Street between East 14th and Alvaredo 
Streets 

Class III bike route 

San Leandro 
Downtown San 
Leandro TOD Strategy 
(2007) 

Construct Class I routes along the East Bay 
Greenway corridor along the BART right-of-way 
and in the creekside linear park between East 
14th Street and the UPRR line 

Class I path 

San Leandro 
Downtown San 
Leandro TOD Strategy 
(2007) 

Construct Class II bike lanes on Williams Street 
between San Leandro Boulevard and Hays 
Street, on Parrott Street between San Leandro 
Boulevard and Washington Avenue, and on Hays 
Street between Davis Street and West Juana 
Avenue if reconfigured to one-way travel 

Class II bike lane 

South Hayward 
South Hayward BART 
Access Study (2011) 

Construct Class I path along Union Pacific 
Railroad tracks (UP Regional Trail) 

Class I path 

South Hayward 
South Hayward BART 
Access Study (2011) 

Link the Nuestro Parquecito bikeway to the 
BART station by providing a Class I path along 
BART right-of-way (East Bay Greenway) 

Class I path 

South Hayward 
South Hayward BART 
Access Study (2011) 

Construct pedestrian/bicycle bridge linking East 
Bay Greenway to A Street 

Network gap 

Union City 
Union City Pedestrian 
and Bicycle Plan 
(proposed 2012) 

Complete bike/ped connection/promenade (to 
the east of station) 

Class I path 

West Dublin/ 
Pleasanton 

City of Dublin Bicycle 
Plan (2007) 

Construct Class II bike lanes on Dublin Blvd, St 
Patrick Way, and Golden Gate Drive 

Class II bike lane 

West Oakland City of Oakland Bike 
Plan (2007) 

Construct Class II bike lanes on Peralta Street Class II bike lane 

West Oakland City of Oakland Bike 
Plan (2007) 

Construct Class II bike lanes on 7th Street from 
Wood St to MLK Jr Way (mixed Class lanes have 
been installed from Peralta St to Union St as of 
Feb 2012) 

Class II bike lane 

 















 

MEMORANDUM 
 
 
 
Date: February 23, 2012 
 
To: Steve Beroldo, BART 
 
From: Mackenzie Watten and Brooke DuBose, Fehr & Peers 

Subject: BART Bicycle Plan Update – BART Bicycle Investment Tool User’s Guide 
SF11-0545 

This memorandum is a user’s guide for the BART Bicycle Investment Tool1. The BART Bicycle 
Investment Tool is a Microsoft Excel based tool that uses the data results from the BART Bicycle 
Direct Ridership Model (DRM). The purpose of the Investment Tool is to help users identify the 
most cost-effective bicycle investments in terms of their ability to encourage bicycling as a mode 
of travel to and/or from BART. The BART Bicycle DRM was developed as part of the BART 
Bicycle Access Plan Update in 2011-2012. The BART Bicycle Plan Update – BART Bicycle Direct 
Ridership Model Development memorandum, dated February 23, 2012, details the development 
of the bicycle direct ridership model. The BART Bicycle DRM was based on empirical 
relationships found through statistical analysis of BART system ridership data, the 2008 BART 
Passenger Profile Survey, and the 2011 online BART Bicycle Access Survey. Professional 
judgment was applied to the statistically valid relationships to enable a likely range of 
relationships for different station types. 

The BART Bicycle Investment Tool allows transit agencies to evaluate the costs and benefits of 
bicycle access improvements at different rail station types2. These benefits include the potential 
mode shift that different bicycle investments generate. The BART Bicycle DRM is the backbone 
of the Bicycle Investment Tool, and was developed using BART specific data. However, this tool 
was developed with the goal of being transferable to other rail transit operators.  The tool works 
on a station type level (as defined in Table 1), allowing other transit agencies to use the station 
type that most closely represents their stations. 

1 This memorandum is accompanied by the BART Bicycle Direct Ridership Model Development 
memorandum, dated February 23, 2012. The BART Bicycle Investment Tool is a Microsoft Excel 
based tool that uses the BART Bicycle Direct Ridership Model results to identify the most cost-
effective bicycle investments in terms of their ability to encourage the use of bicycles as a mode 
of travel to and/or from BART. 
2 The BART Bicycle Investment Tool was developed using BART data. Non-BART transit 
agencies should consider calibrating and validating the tool to match their own conditions. There 
are locations in the tool where the user is asked to input local data if possible. The tool also uses 
data results from the BART Bicycle DRM. Calibration and validation of a bicycle DRM has high 
data requirements. Please review the accompanying BART Bicycle Direct Ridership Model 
Development for more information.  
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BACKGROUND 

Goal of BART Bicycle Access Plan Update 

The overall goal of the BART Bicycle Plan Update is to increase the use of bicycles to access 
BART by developing strategies which make it easier, safer, and more convenient to ride bikes to 
and from stations and to park bikes at stations. One of the objectives to help realize this goal is to 
provide a predictive tool for BART to evaluate how bicycle investments affect bicycle mode of 
access based on a transparent methodology. 

BART Bicycle Direct Ridership Model 

The BART Bicycle Plan Update – BART Bicycle Direct Ridership Model Development 
memorandum, dated February 23, 2012, details the development of the bicycle DRM. Empirical 
relationships were found through statistical analysis of BART system ridership data, the 2008 
BART Passenger Profile Survey, the 2011 online BART Bicycle Access Survey, and station 
characteristics. This model is able to predict changes in daily bicycle access ridership at 
individual stations based on bicycle access and parking investments. The model predicts those 
bicyclists who park their bicycles at the station and ride BART, and those who take their bicycles 
on the train. Functionally, total bicycle access ridership is first estimated. Then the percentage of 
that total bicycle access ridership that is park and ride (P&R) bicycle access ridership is 
estimated. This value allows the user to determine P&R and board with bike (BwB) bicycle 
access ridership separately and plan accordingly. 

The models were derived from BART-specific ridership, passenger profile surveys, and station 
characteristics. In an effort to make the model transferrable to other jurisdictions and transit 
agencies, the model may be applied to a series of station typologies rather than BART stations 
directly. Table 1 presents the station typologies. 

TABLE 1 - STATION TYPOLOGIES 

Station Typology Description Example BART Stations 

Urban 

High-ridership with high walk, bike 
and transit access share.  

No parking provided. 
Can be found in downtown or 

neighborhood business district. 

12th Street Oakland, Downtown 
Berkeley, Embarcadero 

Urban with Parking 

Similar to “Urban,” but with small 
parking lots that fill up early.  

Auto mode share is higher than 
“Urban” 

Ashby, Lake Merritt, North 
Berkeley, Glen Park 

Balanced Intermodal 

Well-served by transit that serves 
primarily corridor and local transit. 

Parking provided, but fills early 
due to size.  

Can be found on urban or 
suburban grid network.  

Walk access share is moderate. 

Fruitvale, MacArthur, Rockridge 
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TABLE 1 - STATION TYPOLOGIES 

Station Typology Description Example BART Stations 

Intermodal – Auto Reliant 

Well-served by regional and local 
transit. 

Large amounts of parking 
provided. 

Can be found on suburban grid or 
residential area. 

Walk access share is lower than 
average. 

Daly City, El Cerrito Del Norte, 
Walnut Creek 

Auto Dependent 

Focus on auto-based access. 
Large station footprint, structured 

and/or surface parking, and 
adjacent highway access. 

Walk and transit access share 
predominantly below average. 

East Dublin/Pleasanton, Lafayette, 
Pittsburg/Bay Point 

Source:  Access BART, Arup, 2006. 

ASSUMPTIONS AND CONSTRAINTS 

The BART Bicycle Investment Tool uses the data results from the BART Bicycle DRM to help 
users evaluate the most cost-effective bicycle investments. As described in the BART Bicycle 
Plan Update – BART Bicycle Direct Ridership Model Development memorandum, the method to 
predict bicycle ridership is a simple process. The station area characteristics are combined with 
linear coefficients to predict bicycle ridership. As a linear model, the BART Bicycle DRM does not 
indicate that the relationship between the station area characteristics and bicycle ridership would 
ever cease. In terms of extremes, it means that if a user added 1,000,000 bicycle rack spaces to 
a station, that user could expect a bicycle ridership increase of an estimated 1,192,000 riders. 
Constraints are needed ensure that the Tool is useful for planners. 

The Tool applies five constraints to the raw output of the BART Bicycle DRM. These constraints 
ensure that the model and tool results conform to planners’ basic common sense. Once common 
sense has been engaged, the tool helps the planner evaluate the costs and benefits of bicycle 
investments. 

Mode Share Ceiling 

Bicycle access mode shares, defined as bicycle access riders divided by total station riders, are 
prohibited from exceeding set ceilings. These ceilings are based on the existing observed 
maximum mode share by station typology. A buffer of 3 percentage points was added to each of 
the highest mode shares by station typology to allow for some growth at the highest mode share 
stations. Note that, although these mode share levels exceed the systemwide Plan goal of 8% 
bicycle access, that figure is meant to be a systemwide average, which assumes that some 
stations will be below that number, while others will exceed it, Table 2 shows the final ceilings. 
 

TABLE 2 – BICYCLE ACCESS MODE SHARE CEILING BY STATION TYPOLOGY 
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Station Typology 2008 Max Station 2008 Max Mode Share Tool Max Mode 
Share 

Urban 16th Street / Mission 5.7% 8.7% 

Urban with parking Ashby 11.3% 14.3% 

Balanced Intermodal Fruitvale 9.8% 12.8% 

Intermodal / Auto 
Reliant 

West Oakland 5.4% 8.4% 

Auto Dependent Pleasant Hill 5.2% 8.2% 

Stated Preference and Peak Occupancy of Bicycle Parking Facilities 

BART surveyed all types of access riders, asking them their preferred type of bicycle parking 
facility. This stated preference data was used to generate relative rankings of these facilities for 
each station and station typology. Please note that this is stated preference data which is prone 
to many biases. BART also collected bicycle parking peak occupancy data at each station. These 
two pieces of data were paired to predict if a chosen investment in a bicycle parking facility type 
could be reasonably expected to increase ridership. 

The following logic is used to determine whether bicycle access ridership could be expected to 
increase based on a hypothetical increase in facility type supply: 

A. Investment in a facility type with a pre-investment peak occupancy under 80% will 
NOT increase bicycle access ridership. The pre-investment facility type is under-utilized 
so adding more parking of the same type will not increase ridership. 

B. Investment in a facility type that does not currently exist but is ranked by the survey to 
be less preferable than an existing facility type that has a pre-investment peak occupancy 
under 80% will NOT increase bicycle access ridership. Same logic as step A - a better 
(according to survey) bicycle parking facility is available and has available capacity. 
Adding capacity via a less preferred facility type should not be expected to increase 
bicycle access ridership. 

C. Investment in a facility type with a pre-investment peak occupancy over 80% WILL 
increase bicycle access ridership regardless of survey ranking. 

D. Investment in a facility type that does not exist in the pre-investment condition but is 
ranked higher than an existing pre-investment facility type WILL increase bicycle access 
ridership. 

Note that these logic steps may sometimes result in there being NO options for the user to 
increase bicycle access ridership. This is intentional - bicycle parking facilities are not the limiting 
factor for all stations. Other factors should be analyzed to increase bicycle access ridership to 
these stations. 
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Example 

TABLE 3 - SURVEY AND OCCUPANCY CHECKS 

Facility Type Survey Ranking1 Pre-Investment Peak 
Occupancy2 

Attended bike station 1 Does Not Exist (DNE) 

Electronic lockers 2 73% 

Racks inside fare gates 3 DNE 

Self serve bike station 4 DNE 

Keyed lockers 5 DNE 

Racks outside fare gates 6 40% 

1. These values are pre-populated based on BART survey data when a user selects a BART 
station or station typology and loads default values. It is recommended that Non-BART transit 
agency users edit with local data. 

2. These values are pre-populated based on BART observed bicycle parking occupancy data 
when a user selects a BART station or station typology and loads default values. All users are 
encouraged to edit if better data is available. 

A snapshot of this station reveals that there are currently electronic lockers and racks outside the 
fare gates. Both are under-capacity (our threshold defined at 80%) - leading us to believe that 
increasing their supply would not increase ridership. Attended bike stations were the only parking 
type ranked higher than electronic lockers, so we can conclude that only building an attended 
bike station would increase ridership. 

TABLE 4 - SURVEY AND OCCUPANCY CHECKS DETAILED 

Facility Type Survey Ranking Pre-Investment Peak 
Occupancy 

Change in ridership 
with supply increase 

Attended bike station 1 DNE 

Electronic lockers 2 73% 

Racks inside fare 
gates 3 DNE 

Self serve bike station 4 DNE 

Keyed lockers 5 DNE 

Racks outside fare 
gates 

6 40% 

Table 4 presents the application of the logic checks (A through D as presented above) to the data 
from Table 3. Table 4 includes a column that indicates based on the logic checks whether a 
hypothetical increase in supply by facility type would increase ridership. The calculations show 
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that only investing in attended bike stations would increase bike access ridership at this station. 
Please note that the "Change in ridership with supply increase" column is dynamic and will 
change based on the values of Survey Ranking and Pre-Investment Peak Occupancy. These 
values change with different BART stations and BART Station Typologies. 

BART users may edit occupancy data, while non-BART users may edit both survey ranking and 
occupancy data. It is advised that non-BART users consider conducting a survey the scale of the 
one BART undertook to achieve similar results. See the Existing Conditions chapter and 
Appendix A for details. 

Bicycle Parking Facility Supply Ceiling 

The tool has established a relationship between bicycle parking facilities and ridership increases. 
What is not known is the limit of this relationship - how many bicycle parking spaces of a 
particular type can one add and still expect ridership increases? To constrain ridership increases 
to reasonable values, thresholds were established based on existing observed supply maximums 
of each facility type and best judgment. These thresholds represent the maximum observed 
supplies that were used to develop relationships between facility type supply and ridership 
increases. The relationship between facility type supply and ridership increase can be expected 
to hold up to the maximum observed supply but it is unknown how the relationship will change 
once past that maximum. Bicycle facility supply in excess above the thresholds set in Table 5 will 
not increase bicycle access ridership. Bicycle facility supply up to the thresholds will still increase 
bicycle access ridership. These thresholds are by both individual facility type and aggregated 
similar facility types.  

TABLE 5 - BICYCLE FACILITY SUPPLY CEILING (UNITS IN BICYCLE PARKING SPACES) 

Facility Type Individual Threshold Aggregate Threshold 

Rack spaces outside fare 
gates 

250 
275 

Rack spaces inside fare gates 100 

Keyed locker spaces 40 
100 

Electronic lockers spaces 100 

Self serve bike station spaces 300 

400 Attended bike station spaces 300 

Bike Cages 160 

 

Example 

The individual supply ceiling for rack spaces outside the fare gates is 250. If a user inputs 350 
rack spaces outside the fare gates, the tool will report increase in bicycle access ridership for 250 
spaces, but costs for all 350 spaces. 

The aggregate supply ceiling for locker spaces is 100. If the user inputs aggregate supply above 
the aggregate supply ceiling, the aggregate supply ceiling is distributed between the facilities 
based on the user input. If a user inputs 90 electronic locker and 30 keyed locker spaces, the tool 
will redistributed the user input for the purposes of ridership increase. The user inputted 120 total 
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spaces, while the aggregate supply ceiling is 100. For the purposes of the ridership increase 
calculation, the tool will distribute the ceiling (100) to the facility types based on the user input. In 
this example, 75% of the user input (90/120) was electronic lockers and 25% of the user inputs 
(30/120) was keyed lockers. Thus the tool will use 75 electronic lockers (75% of 100) and 25 
keyed lockers (25% of 100) for input into the model.  

Thus if a user inputs 90 electronic locker and 30 keyed locker spaces, the tool will report increase 
in bicycle access ridership for 75 electronic locker and 25 keyed locker spaces, but costs for 90 
electronic locker and 30 keyed locker spaces.   

Bicycle Parking Facility Diminishing Returns on Increased Ridership    

According to a comprehensive bicycle parking inventory conducted during the development of 
this plan, stations with the largest supply of a given facility type have lower observed occupancy 
rates of the over-supplied facility type than stations with more modest supplies of that parking 
type. As a conservative estimate, this tool incorporates diminishing returns for bicycle parking 
facilities as they approach their individual supply ceilings (see Table 5 above). As the scenario 
investments reach the ceiling, the ridership increase for each facility type unit decreases. Table 6 
shows the diminishing return relationship by supply range. Please note that these calculations 
happen for all bicycle parking facility types separately. 

 

TABLE 6 - INCREASED BICYCLE PARKING FACILITIES INCUR DIMINISHING RIDERSHIP RETURNS 
(FOR FACILITY TYPES SEPARATELY) 

Supply range (the difference between existing 
supply and individual ceiling) 

Percentage of full relationship 

1st 25% 100% 

2nd 25% 75% 

3rd 25% 50% 

4th 25% 25% 

 

 

Example 

Please note that these calculations happen for all facility types separately. The example below 
just shows the calculation for rack spaces outside the fare gates. 

A station has 50 existing rack spaces outside the fare gates. The user inputs 125 rack spaces 
outside the fare gates to be installed for its chosen scenario. The difference between the existing 
supply and the individual ceiling is 200. (Individual ceiling for rack spaces outside fare gates of 
250 and 50 existing spaces). The difference between the existing supply and the individual ceiling 
is then split into supply ranges for diminishing return calculations (Table 7). 

TABLE 7 - DIMINISHING RETURNS SETUP FOR RACKS 
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OUTSIDE FARE GATES1 

Scenario supply range Percentage of full relation 

0-50 100% 

51-100 75% 

101-150 50% 

151-200 25% 

1. Example shown for racks outside fare gates only. These 
calculations happen for all facility types. 

The user inputs 125 rack spaces outside the fare gates. The following calculations determine total 
bicycle access ridership increase including diminishing returns if we assume that the relationship 
between a bicycle rack space and bicycle access ridership is 1 (for demonstration only). 

TABLE 8 - DIMINISHING RETURNS CALCULATIONS FOR RACKS OUTSIDE FARE GATES1 

Scenario supply 
range 

Scenario supply in 
range 

Percentage of full 
relation. Ridership increase 

0-50 50 100% 50.0 

51-100 50 75% 37.5 

101-150 25 50% 12.5 

151-200 0 25% 0.0 

Total 125   100.0 

1. Example shown for racks outside fare gates only. These calculations happen for all facility types. 

The total bicycle access ridership increase is calculated to be 100 with the effects of diminishing 
returns. The total bicycle access ridership would have been calculated to be 125 without the 
effects of diminishing returns. 

TOOL WALKTHROUGH 

This section provides a general overview of the contents of the BART Bicycle Investment Tool. 
Please refer to the tool for detailed instructions, which are provided in the Tool as blue boxes like 
the following:  

 

Instructions 

The instructions tab contains a table of contents and disclaimers on using the tool. 
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Assumptions and Constraints 

This page mirrors the assumptions and constraints discussion from this document.  
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Bicycle Parking Invest. Input 

Bicycle Parking Investment Input is the location where the user can input their scenario specific 
investments. Together with the next tab, ‘Bicycle Parking Investment Summary,’ the user can put 
together an investment scenario that meets their station’s needs. 
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Bicycle Parking Invest. Summary (Printable!) 

The Bicycle Parking Investment Summary tab contains information to review before and after the 
user chooses their investments. The information helps guide the user to investments that will 
serve the needs of their station. 

 

 

This page is printable to a printer or PDF. The page is formatted to print in two pages and can be 
a handy reference guide. 

 

Support Strategies 

In addition to bicycle parking facility investments, complementary strategies can be selected to 
put together a complete planning package. Note that the cost and potential increase in bicycle 
access ridership associated withthese strategies is unknown. It is the hope that future iterations of 
this tool will incorporate costs and benefits for these strategies. 
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Overall Summary (Printable!) 

The Overall Summary tab contains information from all of the previous tabs. The page is 
formatted to print out an easy-to-digest three-page handout, which presents comparisons 
between the chosen bicycle investment package and typical BART vehicle parking investments at 
stations. 
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This page is printable to a printer or PDF. The page is formatted to print in three pages and 
can be a handy reference guide. 

  

This release of the tool represents version 1.0. The tool was developed by Fehr & Peers, 
Transportation Consultants. The tool was developed by Mackenzie Watten and Brooke DuBose. 
Please contact Fehr & Peers for troubleshooting or general feedback. 









 

MEMORANDUM 
 
 
 
Date: February 22, 2012 
 
To: Steve Beroldo, BART 
 
From: Mackenzie Watten and Brooke DuBose, Fehr & Peers 

Subject: BART Bicycle Access Plan Update – BART Bicycle Direct Ridership Model 
Development 

SF11-0545 

This memorandum describes the development of a Direct Ridership Model (DRM) for the BART 
Bicycle Access Plan Update1. The purpose of the model is to predict changes in BART bicycle 
access ridership by station based on station area variables, including both the physical 
environment and BART bicycle policies. The model is designed to rate the efficiency (measured 
in passengers per dollar of investment) of various investments on ridership.  The development of 
a bicycle specific BART DRM follows the successful development of an aggregate ridership 
BART DRM in 2009. That model estimates total ridership at each BART station and then splits 
the ridership into auto, transit, and combined walk and bicycle access modes. The aggregate 
model is used internally at BART for ridership and operation forecasting. 

The aggregate ridership BART DRM was not developed to estimate bicycle ridership. Walk and 
bicycle ridership were combined; the only bicycle-specific variable in the model was the total 
number of bicycle parking spaces systemwide. The bicycle specific BART DRM for the BART 
Bicycle Access Plan Update estimates bicycle ridership based on a number of station area 
variables, including bicycle related variables. Variables include nearby population, nearby 
mployment, vehicle parking, supply of bicycle parking, security and lighting of bicycle parking, 
BART bicycle policies, and station typology.  The model predicts the number of BART riders 
accessing each station by bicycle each weekday. The model was developed based on BART 
specific data but is also generalized to five station typologies so that it may be used by transit 
agencies other than BART. The station typologies -- Urban, Urban with Parking, Balanced 
Intermodal, Intermodal-Auto Reliant, and Auto Dependent – are used by BART for other planning 
purposes as well. See the BART Bicycle Investment Tool User’s Guide dated February 22, 2012 
for a detailed description of each station typology. 

The bicycle specific BART DRM is implemented within the BART Bicycle Investment Tool that 
gives the user the ability to evaluate bicycle investments at a station or system-wide level.  This 
model is an innovative tool that will serve as a template for other transit agencies to customize 
and improve upon. 

1 This memorandum is accompanied by the BART Bicycle Investment Tool User’s Guide, dated Feburary 
22, 2012. The BART Bicycle Investment Tool is a Microsoft Excel based tool that uses the BART Bicycle 
Direct Ridership Model results to identify the most cost-effective bicycle investments in terms of their ability 
to encourage the use of bicycles as a mode of travel to and/or from BART. 
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WHAT IS A DIRECT RIDERSHIP MODEL? 

Direct Ridership Models transparently estimate transit ridership as a function of station area 
characteristics. Traditional forecasting of transit ridership within region-wide travel demand 
models is unresponsive to changes in station-level land use or transit service characteristics, and 
is buried within a complicated black box.  Direct Ridership Models establish clear relationships 
between transit ridership and station area characteristics. For example, a DRM may estimate that 
transit ridership at a heavy rail station is a function of population within five miles of the station, 
the amount of vehicle parking at the station, and the frequency of feeder transit to the station. The 
DRM model estimates the influence that each station area characteristic has on transit ridership. 
This magnitude of influence could then be applied to stations similar to the ones used to develop 
the DRM. 

Direct Ridership Models use multivariate regression and other statistical analyses based on local 
empirical data to determine the station characteristics that most influence transit patronage.  
These models can respond directly to factors such as station-area household and employment 
characteristics, vehicle and bicycle parking, feeder transit activity, street network connectivity, and 
the effects of transit-oriented development (TOD).  Direct Ridership Models are a more efficient 
and responsive means of forecasting the effects of individual station activities than conventional 
transit patronage models. Transit ridership is traditionally forecast with region-wide travel demand 
models, which often represent transportation networks and land use at an aggregate scale.  Such 
models are relatively unresponsive to changes in station-level land use and transit service 
characteristics. Even rarer than traditional transit ridership models are models that forecast 
bicycle access to rail transit.  

The DRMs developed for this study predict changes in weekday bicycle access ridership at 
individual BART stations, based on empirical relationships found through statistical analysis of 
BART system ridership data, the 2008 BART Passenger Profile Survey, and the 2011 online 
BART Bicycle Access Survey. This is a first-of-its-kind bicycle access to transit model. 

MODEL DEVELOPMENT PROCESS 
 
The objective of developing a bicycle-specific model is to derive a series of statistically valid 
models capable of predicting current weekday station-specific bicycle ridership.  The models are 
capable of responding to input changes, and are therefore able to predict changes to future 
bicycle access ridership.   

Daily boarding models were developed for two types of bicycle access: park and ride (P&R) and 
board with bike (BwB). The sample sizes for P&R and BwB users from the data used to derive 
the models were small. In statistics, relationships between data become more accurate as more 
data is available for the model derivation process. To increase the accuracy of the relationships 
derived, the models were developed for total weekday ridership instead of for smaller time 
periods. 

The P&R and BwB data is from the 2008 BART passenger profile survey. The survey responses 
included the boarding station and the mode of access to each station. BART also supplied raw 
ridership data from the same days on which the survey was taken. Average boardings by mode 
were developed from the ridership data. 

Station area data was collected for 33 independent variables believed to be potentially predictive 
of station bicycle ridership. All of the data, with the exception of bicycle parking, street network 
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connectivity, and BART bicycle policy, was collected in 2008 as part of the aggregate ridership 
BART DRM. Additional data was collected in 2011. These variables roughly break into ten 
categories, as shown in Table 1. 

TABLE 1 
POTENTIALLY PREDICTIVE VARIABLES FOR THE BICYCLE-SPECIFIC DRM 

Category Description Source 

Population 

Population within ½ mile of station 

Regional travel demand models Catchment population 

College population 

Employment 

Retail employment within ½ mile of 
station 

Regional travel demand models 
Non-retail employment within ½ 

mile of station 

Demographic 
Average household income 

BART Online Survey (2011) 
Average age 

Parking (Automobile) 

Unreserved vehicle parking at 
station 

Field data collection (2008) 
Reserved vehicle parking at 

station 

Parking (Bicycle) 

Bicycle racks outside fare gates 

Field data collection (2011) 

Bicycle racks inside fare gates 

Keyed lockers 

Electronic lockers 

Self Serve bike station spaces 

Attended bike station spaces 

Street Network Connectivity 

Station pedestrian accessibility 
and design factor 

Field data collection (2008) and 
Barajas (2011) 

Street network density 

Intersection density 

Connected node ratio 

Link ratio 

Feeder Transit Service 

Local buses 

Regional transit agencies (2008) 
Express buses 

Employer/College shuttles 

Rail/ferry connections 

Bicycle Survey Data 

Security of bike parking 

BART Online Survey (2011) Lighting of bike parking 

Signage to bike parking 
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TABLE 1 
POTENTIALLY PREDICTIVE VARIABLES FOR THE BICYCLE-SPECIFIC DRM 

Category Description Source 

Bike pathways to station 

Street level to bike parking 

Street level to platform 

BART bicycle policy Blackout periods by station BART 

Station Typology 
Representative station 

descriptions for transferability 
Access BART, Arup (2006) 

Source:  Fehr & Peers, 2012. 

Population and Employment 

Station-related population, housing, and employment data within a half-mile radius of the BART 
station was developed as part of the 2008 aggregate ridership BART DRM. The data was derived 
with Travel Analysis Zone (TAZ) data from several regional travel demand models, including the 
following:  

• Alameda County Transportation Commission (Alameda CTC) model 
• Contra Costa Transportation Authority (CCTA) model 
• San Francisco County Transportation Authority (SFCTA) CHAMP3 model   
• Metropolitan Transportation Commission (MTC) model for San Mateo County2 

The versions available for all of these models at the time of the beginning of the study used 
ABAG Projections 2005 for their land use data.  For each station, a set of demand model TAZs 
was defined from which to include land uses.  For TAZs entirely within a half-mile radius from the 
centroid of BART stations, all of the land use was included in the station-related data.  In cases 
where part of the TAZs was within a half-mile radius, aerial maps were examined to determine 
appropriate percentages of the residential and non-residential uses within each TAZ to include in 
the station-related data.   

The extensive effort necessary to determine station area land use based on local TAZs made it 
possible to analyze only one radius length around each station.  The half-mile was chosen, as 
opposed to the quarter-mile or some other distance, because it corresponds roughly to what is 
considered walking distance for most people, and because it has proven to be explanatory in past 
BART direct ridership modeling efforts, such as Access BART (2006). While it is beyond the 
scope of this project to revise that station area land use, future revisions of the bicycle model 
could include a distance more congruent with average bicycle trip lengths. 

2 San Mateo County does not have a recent travel demand model with greater detail than the MTC TAZ system. 
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Demographics 

Average household income and age were collected from the 2011 online BART Bicycle Access 
Survey. 

Vehicle Parking 

Vehicle parking data was collected as part of the 2008 aggregate ridership BART DRM. On-site 
parking supply was provided by BART staff, which contained information on total number of each 
type (free, reserved, paid, carpool, and midday) of spaces. 

Bicycle Parking 

Bicycle parking at all BART stations was inventoried for supply and occupancy in the spring of 
2011. For each station, parking and occupancy were catalogued by type and location (in relation 
to the fare gates). 

Street Network Connectivity 

Street network connectivity measures were gathered from Built Environment and Demographic 
Predictors of Bicycle Access to Transit, Jesus Miguel Barajas, 2011. Barajas used the 2008 
TIGER/Line Shapefile set from the U.S. Census Bureau to calculate the connectivity variables. 
Street network density is the linear length of roads per unit area. Intersection density is the 
number of intersections per unit area. The unit area of analysis for the report was a one mile 
buffer. 

Feeder Transit Service 

Feeder transit frequency data was collected as part of the 2008 aggregate ridership BART DRM. 
The data indicates the number of individual feeder transit services that access each station daily. 
Feeder transit include local buses, express buses and shuttles, employer / college shuttles, and 
connection rail or ferries. 

BART bicycle policy 

The percentage of daily trains that are blacked out by station was determined using the BART 
schedule in the spring of 2011. 

Station Typology 

Station typologies were identified in the Access BART report, Arup, 2006.  
 
Airport stations (SFO and the future Oakland Airport Connector station) were excluded from the 
regression equations, because of the unique station area land uses and factors which influence 
ridership at those stations.  The West Dublin station was excluded from the regression equations 
because it was not operational at the time of the 2008 station survey. 

DESCRIPTION OF DIRECT RIDERSHIP MODELS 

The variables chosen to be part of the final models are those listed in Table 1 that were found to 
be statistically significant – that is they statistically “explain” a portion of the dependent variable 
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(bicycle access ridership).  See Table 2 for the variables shown to be significant in predicting 
bicycle ridership, and Table 3 for those predictive of P&R.  Of those variables not found to be 
significant, some should perhaps be pursued for the following reasons: 

• Demographics:  Online survey data was used for this variable.  Actual demographic data 
from the U.S. Census could yield a different outcome. 

• Street network connectivity: Although this variable was not shown to influence bicycle 
ridership, perhaps bicycle network connectivity would.  It is outside of the scope of this 
project to collect this data, but future model refinement should consider it. 

The mathematical form of each model is a regression formula, with each model incorporating a 
subset of the variables listed in Table 1. 

Two models were developed to predict P&R and BwB models. To produce the most accurate and 
flexible results, models were developed to first estimate total bicycle access ridership and then 
estimate the percentage of that total bicycle access ridership that is P&R bicycle access ridership. 
The difference between the total and P&R bicycle access ridership is then the estimated BwB 
bicycle access ridership. 

Table 2 presents the total bicycle access ridership model. 

TABLE 2 
TOTAL BICYCLE ACCESS RIDERSHIP MODEL 

Dependent Variable - 

Total Bicycle Access Ridership - 

 Independent Variables Coefficient 

Population within ½ mile 0.015729 

Unreserved Parking Spaces -0.058559 

Non-Blackout Percentage of Daily Trains 74.463000 

Self-Service Bike Station Spaces 1.81319 

Attended Bike Station Spaces 1.91460 

Bike Rack Spaces 1.19245 

Locker Spaces (keyed & eLocker) 1.33364 

Source:  Fehr & Peers, 2012. 

The form of this model is  
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This model has seven independent variables, which can be interpreted as follows: 

• Bicycle access ridership increases as population within half mile of the station increases 
• Bicycle access ridership decreases as more unreserved vehicle parking spaces are 

provided 
• Bicycle access ridership increases as the non-blackout percentage of daily trains 

increases 
• Bicycle access ridership increases as the number of self-service bike station spaces 

increases 
• Bicycle access ridership increases as the number of attended bike station spaces 

increases 
• Bicycle access ridership increases as the number of total rack spaces increases 
• Bicycle access ridership increases as the number of total locker spaces increases 

Table 3 presents the percentage of total bicycle access that is P&R model. This model was 
developed using the natural logarithm form of the bicycle access ridership that is P&R. The 
natural logarithm form of the dependent variable helped to flatten out some of the extreme values 
and created a better performing model. 

TABLE 3 
PERCENTAGE OF TOTAL BICYCLE ACCESS RIDERSHIP THAT IS P&R MODEL 

Dependent Variable - 

Log of P&R Share - 

 Independent Variables Coefficient 

Non-Blackout Percentage of Daily Trains -3.138000 

Total Bicycle Parking Spaces 0.002193 

Security of Bicycle Parking  0.647000 

Lighting of Bicycle Parking 0.323000 

Station Type (1-5, Urban-Auto Dependent) 0.192000 

Source:  Fehr & Peers, 2012. 

While this model is based on the log form of P&R share, the same linear intuition applies. Larger 
numbers have more influence and positive coefficients meaning a positive correlation. The 
application of the model differs slightly. It is a two step process. It takes the form of: 

 

This model has five independent variables, which can be interpreted as follows: 

• Park and ride share of total bicycle access ridership decreases as blackout periods are 
eliminated 
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• Park and ride share of total bicycle access ridership increases as bicycle parking spaces 
increases 

• Park and ride share of total bicycle access ridership increases as security and lighting of 
bicycle parking increases 

• Park and ride share of total bicycle access ridership is higher at suburban stations as 
compared to urban stations 

 
Once the log of P&R share is calculated, the value can be converted to actual P&R share by the 
following equation 

 

ADJUSTMENTS TO REGRESSION MODELS 

The previous section detailed the statistical relationships between the dependent variable (bicycle 
access ridership) and independent variables (BART station area and policy variables). The 
relationships derived produce reasonably-well performing models that connect bicycle access 
ridership with factors believed to influence to bicycle access ridership.   

Further improvements to the model’s performance will need to rely on best practices and 
professional judgment. This section describes potential adjustments that could be made to the 
bicycle access ridership model to improve the use of the model as inputs into the investment 
scenario planning tool. The justification for adjusting the model is based on three factors: 

• Best Practices – The relationships derived from the models would recommend 
investments that do not necessarily agree with industry best practices for bicycle parking. 
For example, the model results would not necessarily suggest a mix of short- and long-
term parking facilities. 

• Limitations of Existing Data – The relationships were derived using data that may have 
been incomplete or inconclusive in terms of existing infrastructure. For example, the 
Downtown Berkeley and Ashby Bike Stations are relatively new and current demand may 
not yet have reached its potential. It is anticipated that use will increase as passengers 
learn about these facilities. 

• Unknown or New Types of Investments – The relationships derived do not include any 
factors to predict the effect of facilities with which BART does not already have 
experience. For example, there is no existing data on bike cages at BART stations, 
though BART may want to evaluate these and other facility types in the Investment Tool. 

Ultimately, a balance must be struck between the statistically derived relationships and making 
the model useful and flexible for evaluating future investments; however, moving away from the 
statistically derived relationships will decrease overall model performance. 

Table 4 presents the list of bicycle investments the model is currently being designed to evaluate, 
the influence of each as measured by purely statistical modeling, the adjusted influence as 
modified with professional judgment and supporting data and literature, and the justification of the 
adjustment.  
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TABLE 4 
BICYCLE INVESTMENT INFLUENCE ADJUSTMENT 

Model variable 

Influence as 
measured by 

statistics 
Adjusted 
influence Justification 

Total bicycle access ridership 

Population within 
½ mile 

0.015729 - - 

Unreserved 
Vehicle Parking 

Spaces 
-0.058559 - - 

Non-Blackout 
Percentage of 
Daily Trains 

74.463000 - - 

Self-Service Bike 
Station Spaces 

1.81319 2.0 
Existing occupancy data from relatively new bike 
stations may not accurately capture total potential 

demand (+0.2) 

Attended Bike 
Station Spaces 

1.91460 2.4 

Existing occupancy data from relatively new bike 
stations may not accurately capture total potential 

demand (0.2). Other amenities such as repairs, tools, 
information and bike shop may also attract bicyclists 

(+0.3) 

Bike Rack 
Spaces  

Inside Fare Gates 
1.19245 1.3 

The model does not account for perception of security; 
would expect to have higher influence than racks 

outside fare gates (+0.1) 

Bike Rack 
Spaces Outside 

Fare Gates 
1.19245 1.1 

The model does not account for perception of security; 
would expect to have lower influence than racks outside 

fare gates (-0.1) 

E-Locker Spaces 1.33364 - - 

Keyed Locker 
Spaces 

1.33364 1.0 Keyed locker systems support very few users per unit of 
investment. 

New Factor Y 
(example: bike 

cage) 
N/A 2.0 

Would anticipate similar level of influence as self-
service bike station. 

Source:  Fehr & Peers, 2012. 

 
 
MODEL VALIDATION 

The following section details the validation of the statistically based and adjusted bicycle DRMs. 
This step evaluates the estimates of ridership from the DRM as compared to 2008 ridership data 
as well as measures of the statistical significance of the estimated model. 
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R-Squared 

The R-squared indicator expresses how close the model comes to explaining all of the station-to-
station variability in the dependent variable.  For example, a perfect R-squared value of 1.0 
indicates the variation in bicycle ridership among all BART stations is fully described by the 
model’s combination of independent variables (population, employment, etc.) and their respective 
coefficients and constant term.  It is possible to have a negative R-squared.   

Percent Root Mean Squared Error (%RMSE) 

The formula for %RMSE is 

 

where x represents model predictions, y represents actual ridership, the ‘i’ subscripts refer to 
each individual station, and n is the total number of stations. 

The %RMSE is an alternate measure to R-squared, which captures the same general effects, but 
in this case a lower value corresponds to a better model fit.  Therefore, %RMSE values are 
inversely correlated with R-squared values; the models with the highest R-Squared generally had 
the lowest RMSE, and vice versa. RMSE values below 40% are generally considered good for 
transportation studies.  Both model performance indicators (R-squared and percent RMSE) are 
presented in Table 3.  Only the total bicycle access model (i.e., Park and Ride and Board with 
Bike combined) shows an RMSE under the 40% threshold.  Interestingly, the non-adjusted P&R 
model has an identical R-squared as the combined model, although the adjusted total and P&R 
models show a small discrepancy. The models have an R-squared higher than 0.61, meaning 
more than 61% of the station-to-station variation in ridership is explained by the models’ 
variables. While the R-squared values could stand to be higher, the models did indicate 
significant influences between the independent variables (station area variables and BART 
policies) and the dependent variable (bicycle access ridership).  

( )

ny

nyx

i

ii −
2
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TABLE 3 
MODEL PERFORMANCE 

Model R-Squared RMSE 

Total Bicycle Access Ridership 

Non-Adjusted 

All Stations 0.79 35% 

Adjusted 

All Stations 0.76 37% 

Park and Ride (P&R) Bicycle Access Ridership 

Non-Adjusted 

All Stations 0.79 46% 

Adjusted 

All Stations 0.72 53% 

Board with Bike (BwB) Bicycle Access Ridership 

Non-Adjusted 

All Stations 0.62 47% 

Adjusted 

All Stations 0.61 47% 

Source:  Fehr & Peers, 2012. 

NEXT STEPS 

The BART bicycle DRM can be used to determine the efficiency of different station or system-
wide strategies to increase bicycle ridership to transit. Combined with cost estimates for the 
various strategies, the DRM will be used as an investment scenario tool to evaluate the costs and 
benefits of bicycle access improvements at stations. While the DRM was developed using BART 
specific data, BART station typologies allow for the tool to be easily transferrable to other heavy 
rail transit operators. Other transit agencies with “station-like” infrastructure, such as light rail, 
commuter rail, or BRT may also be able to use this model. It is advised that all parties who wish 
to use this model perform a local validation of the model to their own bicycle access ridership to 
ensure that the model performs adequately for their situation. 

This model represents one of the first attempts to estimate bicycle access to transit. As a pioneer, 
there were limitations in the quantity and quality of data needed for model development. Further 
refinements and enhancements of the model will be necessary to improve performance.  The 
following steps should be considered during the next Bike Plan update, BART aggregate DRM 
update, or at a later date. 

Update existing data 

The BART Bicycle Investment Tool, which incorporates the BART Bicycle DRM, uses bicycle 
parking facility stated preference survey and bicycle parking occupancy data to help constrain the 
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outputs of the BART Bicycle DRM. Bicycle parking facility stated preference data should be 
included in the next BART Passenger Survey in addition to adding bicycle focused questions from 
the 2011 online survey conducted as part of this project. Detailed bicycle parking occupancy data 
should be collected by time of year, week, and day. The data collected for this project was limited 
to one observation at mid-day (assumed peak occupancy) at each station. 

The bicycle parking facility stated preference data should be compared to the observed 
preference data (bicycle parking occupancy data) to ensure that there is no stated bias. 

Evaluate model performance 

Before and after studies of BART bicycle investments and policy changes should be performed to 
compare against relationships established by the BART Bicycle DRM. In addition, review of 
before and after studies from other similar transit agencies should be conducted. Efforts should 
be made to track and review other efforts to model bike access to transit. 

Incorporate new data sources 

As a first-of-its-kind bicycle access to transit model, there were limitations in the quantity and 
quality of data needed for model development. Certain variables were shown to not be significant 
in estimating bicycle access ridership when it was expected they would be. Street network 
connectivity, bicycle network connectivity, and physical space constraints at stations should be 
explored for inclusion in future iterations of the model. 

Existing data on bike stations is limited. Carefully review new data concerning bike stations as 
users become more familiar and comfortable with them.  

Data on bicycle parking facilities that do not currently exist at BART stations should be explored. 
Examples include bike share, bike cages, and stair channels. Other technologies may emerge in 
the future that should be included for consideration. 

Expand Bike Model 

The bike model represents the first iteration of a model that will evolve over time. As the model is 
used there may be different requests for functionality to be built into the model. The following 
represents the current ideas for evolution of the model 

• Bike egress model 
o The current model is for bike access only. Consider adding an egress model 

• Increase catchment area variables (such as population, employment) beyond ½ mile radii 
o Expand the catchment area variables to a radii more consistent with appropriate 

bike access catchment area 
• Understanding mode shifts 

o Distinction between attracting new riders versus retaining existing riders 
o Distinction between attracting new riders to BART system versus shifting of 

existing BART riders from other modes 
 Current model assumes all increases in bike access ridership are new 

riders to the BART system. This is a conservative estimate in terms of 
bicycle mode share but not conservative in terms of BART revenue 

• Connect BART Bicycle DRM to BART Aggregate DRM 
o Perhaps as part of next BART Aggregate DRM development 
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APPENDIX A 

Significance level of variables and intercept 

The following tables show the parameter and significance level for each independent variable and 
intercept for each of the models highlighted above.  

Total Bicycle Access Ridership 

TABLE A-1 
TOTAL BICYCLE ACCESS RIDERSHIP MODEL SIGNIFICANCE LEVEL 

 Independent Variables Coefficient Significance Level 

Population within ½ mile 0.015729 99.9% 

Unreserved Parking Spaces -0.058559 94.4% 

Non-Blackout Percentage of Daily Trains 74.463000 84.6% 

Self-Service Bike Station Spaces 1.81319 99.8% 

Attended Bike Station Spaces 1.91460 99.9% 

Bike Rack Spaces 1.19245 99.2% 

Locker Spaces (keyed & eLocker) 1.33364 69.5% 

Source:  Fehr & Peers, 2012. 

 
Park and Ride Share 
 

TABLE A-2 
PERCENTAGE OF TOTAL BICYCLE ACCESS RIDERSHIP THAT IS P&R MODEL 

 Independent Variables Coefficient Significance Level 

Non-Blackout Percentage of Daily Trains -3.138000 99.9% 

Total Bicycle Parking Spaces 0.002193 80.0% 

Security of Bicycle Parking  0.647000 90.7% 

Lighting of Bicycle Parking 0.323000 59.1% 

Station Type (1-5, Urban-Auto Dependent) 0.192000 98.4% 

Source:  Fehr & Peers, 2012. 
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APPENDIX B 

Model Data Inputs 

Table B-1 contains the input variables used to create the models above. 

TABLE B-1 
 MODEL INPUT DATA 

Station 
Population 
within ½ 

mile 

Unreserved 
Vehicle 
Parking 

Non-
blackout 

percentage 

Self serve 
bike station 

spaces 

Attended 
bike station 

spaces 

Total Rack 
Spaces 

Total Locker 
Spaces 

Total Bike 
Park 

Security of 
Bicycle 
Parking 
Rating 

Lighting of 
Bicycle 
Parking 
Rating 

Station Type

12th St Oakland 5,816 0 99% 0 0 0 8 8 0.69 1.11 1 
16th St Mission 23,581 0 88% 0 0 77 0 77 0.74 1.43 1 
19th St Oakland 10,907 0 73% 0 0 66 8 74 0.91 1.50 1 
24th St Mission 25,174 0 89% 0 0 70 0 70 0.72 1.42 1 

Ashby 9,072 440 94% 128 0 136 24 288 1.43 1.68 2 
Balboa Park 9,518 0 90% 0 0 88 0 88 0.93 1.58 2 

Bayfair 6,822 1,551 96% 0 0 42 16 58 0.67 0.87 3 
Castro Valley 3,069 922 95% 0 0 20 0 20 0.76 1.06 5 

Civic Center 22,299 0 80% 0 0 63 0 63 0.55 1.07 1 
Coliseum 2,404 918 92% 0 0 63 0 63 0.17 0.75 3 

Colma 4,369 785 95% 0 0 40 0 40 1.75 1.25 4 
Concord 7,819 2,255 92% 0 0 119 16 135 0.44 1.07 5 
Daly City 9,326 1,511 90% 0 0 49 20 69 0.75 0.81 4 

Downtown 
Berkeley 9,664 0 97% 113 155 0 0 268 2.04 2.02 1 

Dublin/Pleasanton 338 2,421 95% 0 0 78 12 90 0.84 1.14 5 
El Cerrito Del 

Norte 
4,662 2,006 97% 0 0 126 0 

126 
0.56 1.19 4 

El Cerrito Plaza 5,189 568 97% 0 0 94 48 142 1.55 1.57 3 
Embarcadero 3,398 0 77% 96 0 0 0 96 1.26 1.47 1 

Fremont 3,369 1,506 97% 0 0 121 0 121 0.72 1.24 4 
Fruitvale 9,355 518 92% 0 200 49 0 249 1.85 1.85 3 

Glen Park 8,391 0 90% 0 0 49 0 49 1.14 1.61 2 
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TABLE B-1 
 MODEL INPUT DATA 

Station 
Population 
within ½ 

mile 

Unreserved 
Vehicle 
Parking 

Non-
blackout 

percentage 

Self serve 
bike station 

spaces 

Attended 
bike station 

spaces 

Total Rack 
Spaces 

Total Locker 
Spaces 

Total Bike 
Park 

Security of 
Bicycle 
Parking 
Rating 

Lighting of 
Bicycle 
Parking 
Rating 

Station Type

Hayward 4,295 1,354 97% 0 0 70 0 70 0.80 0.78 3 
Lafayette 1,674 1,119 80% 0 0 64 0 64 0.85 1.52 5 

Lake Merritt 4,453 83 92% 0 0 21 32 53 0.88 1.23 2 
MacArthur 9,040 362 88% 0 0 126 40 166 0.94 1.08 3 
Millbrae 1,561 2,466 95% 0 0 40 0 40 0.89 1.27 5 

Montgomery 7,605 0 72% 0 0 0 0 0 0.67 1.13 1 
North Berkeley 9,115 595 97% 0 0 151 48 199 1.15 1.39 2 
North Concord 3,303 1,870 93% 0 0 60 0 60 0.86 1.13 5 

Orinda 550 1,022 80% 0 0 26 8 34 1.20 1.60 5 
Pittsburg Bay 

Point 1,985 1,708 94% 0 0 24 0 24 0.67 0.93 5 

Pleasant Hill 4,525 2,416 90% 0 0 224 24 248 0.97 1.12 5 
Powell 16,423 0 72% 0 0 7 0 7 0.36 0.81 1 

Richmond 7,468 693 97% 0 0 42 16 58 0.70 0.78 3 
Rockridge 6,095 457 80% 0 0 133 32 165 0.95 1.26 3 
San Bruno 1,916 733 95% 0 0 18 0 18 0.50 2.00 5 

San Leandro 5,591 1,077 92% 0 0 93 32 125 1.28 1.24 3 
South Hayward 4,304 1,005 97% 0 0 56 0 56 0.67 0.83 5 

South San 
Francisco 3,653 1,247 95% 0 0 30 0 30 0.71 1.14 5 

Union City 4,936 896 97% 0 0 8 20 28 0.62 1.15 4 
Walnut Creek 3,677 1,733 80% 0 0 91 16 107 0.60 0.93 4 
West Oakland 5,417 719 84% 0 0 91 26 117 0.33 0.77 4 
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APPENDIX C 

Model Outputs 

Table C-1 contains the outputs of the model using the data used to derive the model. 

TABLE C-1 
 MODEL BASE OUTPUTS 

Station 
Predicted total 
bicycle access 

ridership 

Predicted P&R 
ridership 

Predicted BWB 
ridership 

Observed total 
bicycle access 

ridership 

Observed P&R 
ridership 

Observed BWB 
ridership 

Predicted – 
Observed total 
bicycle access 

ridership 

Predicted – 
Observed P&R 

ridership 

Predicted – 
Observed BWB 

ridership 

12th St Oakland 176 19 157 162 61 101 14 -42 56 
16th St Mission 529 98 430 644 143 501 -115 -45 -71 
19th St Oakland 315 94 221 232 85 147 83 9 74 
24th St Mission 546 98 448 518 227 291 28 -129 157 

Ashby 613 238 374 540 203 337 73 35 37 
Balboa Park 322 78 244 318 42 275 4 36 -31 

Bayfair 160 27 133 130 26 104 30 1 29 
Castro Valley 89 22 67 84 15 69 5 7 -2 
Civic Center 485 91 394 580 107 472 -95 -16 -78 

Coliseum 128 18 110 145 14 130 -17 4 -20 
Colma 141 50 91 22 11 11 119 39 80 

Concord 223 60 163 226 58 168 -3 2 -5 
Daly City 211 50 160 70 21 49 141 29 111 

Downtown 
Berkeley 

726 311 415 585 272 313 141 39 102 

Dublin/Pleasanton 43 12 31 178 43 135 -135 -31 -104 
El Cerrito Del 

Norte 178 40 139 240 71 168 -62 -31 -29 

El Cerrito Plaza 297 102 195 285 150 135 12 -48 60 
Embarcadero 285 93 192 548 74 473 -263 19 -281 

Fremont 182 44 138 118 33 85 64 11 53 
Fruitvale 627 318 309 736 286 450 -109 32 -141 

Glen Park 257 66 192 164 55 109 93 11 83 
Hayward 144 25 119 123 31 92 21 -6 27 
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TABLE C-1 
 MODEL BASE OUTPUTS 

Station 
Predicted total 
bicycle access 

ridership 

Predicted P&R 
ridership 

Predicted BWB 
ridership 

Observed total 
bicycle access 

ridership 

Observed P&R 
ridership 

Observed BWB 
ridership 

Predicted – 
Observed total 
bicycle access 

ridership 

Predicted – 
Observed P&R 

ridership 

Predicted – 
Observed BWB 

ridership 

Lafayette 96 40 57 80 38 42 16 2 15 
Lake Merritt 201 39 162 346 61 285 -145 -22 -123 
MacArthur 390 116 274 560 150 410 -170 -34 -136 
Millbrae 0 0 0 55 18 36 -55 -18 -36 

Montgomery 173 38 135 280 12 268 -107 26 -133 
North Berkeley 425 112 313 339 158 181 86 -46 132 
North Concord 83 24 60 22 7 15 61 17 45 

Orinda 50 23 27 62 29 33 -12 -6 -6 
Pittsburg Bay 

Point 30 7 23 43 14 28 -13 -7 -5 

Pleasant Hill 296 123 173 335 122 212 -39 1 -39 
Powell 320 56 265 242 48 194 78 8 71 

Richmond 220 36 185 143 12 131 77 24 54 
Rockridge 330 121 209 242 64 178 88 57 31 
San Bruno 79 21 58 74 16 58 5 5 0 

San Leandro 247 76 171 249 31 218 -2 45 -47 
South Hayward 148 32 116 156 13 143 -8 19 -27 

South San 
Francisco 

91 22 69 32 12 20 59 10 49 

Union City 134 25 108 83 10 73 51 15 35 
Walnut Creek 146 45 101 153 71 82 -7 -26 19 
West Oakland 249 59 190 290 75 215 -41 -16 -25 
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